We study the propagation and injection models of cosmic rays using the latest measurements of the Boronto-Carbon ratio and fluxes of protons, Helium, Carbon, and Oxygen nuclei by the Alpha Magnetic Spectrometer and the Advanced Composition Explorer at top of the Earth, and the Voyager spacecraft outside the heliosphere. The ACE data during the same time interval of the AMS-02 data are extracted to minimize the complexity of the solar modulation effect. We find that the cosmic ray nucleus data favor a modified version of the diffusionreacceleration scenario of the propagation. The diffusion coefficient is, however, required to increase moderately with decreasing rigidity at low energies, which has interesting implications on the particle and plasma interaction in the Milky Way. We further find that the low rigidity (< a few GV) injection spectra are different for different compositions. The injection spectra are softer for lighter nuclei. These results are expected to be helpful in understanding the acceleration process of cosmic rays.
I. INTRODUCTION
Precise measurements of the energy spectra and composition of cosmic rays (CRs) provide us very important insights in understanding such fundamental questions as the origin and propagation of CRs. In particular, a good understanding of the propagation model and injection parameters of background CRs is crucial for the indirect detection of dark matter particles. The propagation parameters are important for the calculation of dark matter signals, and the injection parameters of primary CRs are relevant to the prediction of background fluxes (e.g., positrons and antiprotons). The secondary-to-primary nucleus ratio, such as the Boronto-Carbon ratio (B/C), is usually used to infer/constrain the propagation models and parameters (e.g., [1] [2] [3] [4] [5] [6] [7] [8] . With the new measurement of the B/C ratio by e.g., the Alpha Magnetic Spectrometer (AMS-02) [9] , significantly improved constraints on the model parameters can be obtained [10] [11] [12] .
Just recently, the AMS-02 collaboration reported new measurements of the primary (Helium, Carbon, Oxygen) and secondary (Lithium, Beryllium, Boron) fluxes of CR nuclei up to rigidities of several TV [13, 14] . These results show very interestingly that these primary (or secondary) nuclei share almost identical spectra with each other. More importantly, there are spectral breaks of both primary and secondary nuclei at a few hundred GV, and the spectral indices of secondary nuclei harden by ∼ 0.13 more than that of primary nuclei. Such a result suggests a propagation origin of the spectral hardenings of CR nuclei [15] [16] [17] [18] [19] [20] .
However, the apparent similarity among the top-ofatmosphere (TOA) fluxes of CRs does not reveal the acceleration properties of CRs directly, due to the complicated in- * yuanq@pmo.ac.cn termediate steps such as the propagation in the Galaxy and the solar modulation. With proper modeling of such effects, it is possible to derive both the injection and propagation parameters of CRs simultaneously. The difference of the intrinsic injection spectrum among different species can then be used to study the acceleration process of CRs.
In this work, we use the new results about the Carbon fluxes and B/C ratio reported by AMS-02 to study the injection and propagation of CRs. Compared with Ref. [10] in which the proton fluxes and B/C ratio observed by AMS-02 and/or PAMELA were used, the use of Carbon fluxes and B/C ratio can avoid the potential difference of the injection spectra between protons and Carbon nuclei. We will also include the Voyager data out of the solar system [21, 22] in this study, which is expected to break the degeneracy between the injection spectra and the solar modulation. The measurements of fluxes of CR nuclei by the Cosmic Ray Isotope Spectrometer (CRIS) on the Advanced Composition Explorer (ACE) spacecraft are included too. Finally, all the data measured at TOA used in this work were taken at the same time, which again can minimize the complexity of the solar modulation.
We use the CosRayMC code we developed in past years [23, 24] , which embeded the numerical CR propagation code GALPROP [25, 26] into the Markov Chain Monte Carlo sampler adapted from CosmoMC [27] , to do the global fitting of the model parameters. In Sec. II, we briefly describe the CR injection and propagation model settings. In Sec. III we describe the ACE-CRIS data. Sec. IV presents the fitting results. Some discussion about the results are given in Sec. IV. Finally we conclude in Sec. V.
II. INJECTION AND PROPAGATION OF CRS
The injection spectrum of CR nuclei is assumed to be a broken power-law form of rigidity
The parameters ν 1 , ν 2 , R br , and the flux normalization are taken as free parameters. The spatial distribution of CR sources follows that of supernova remnants
which was adjusted to be consistent with the Galactic diffuse γ-ray emission [4] . In the above equation, r ⊙ = 8.5 kpc and z s = 0.2 kpc. The propagation of charged particles is characterized by a diffusion process in the random magnetic field, experiencing collisions and energy losses due to interactions with gas and fields of the Milky Way, and probably be reaccelerated by random magnetohydrodynamic (MHD) waves or advectively transported [28] . The diffusion coefficient, usually assumed to be spatially independent, can be parameterized as a power-law of rigidity, D = βD 0 (R/R 0 ) δ , where β is the velocity of a particle in unit of light speed. Some modifications of the diffusion coefficient were proposed to better fit the data, which will be described in detail below. The advective (or convective) transportation [29] is assumed to be along the perpendicular direction of the Galactic plane, with a convection velocity linearly increasing from the disk to halo, V c = z · dV c /dz, where z is the position vector in the vertical direction. The reacceleration is described by a diffusion in the momentum space with a diffusion coefficient D pp , which is anti-proportional to the spatial diffusion coefficient [30] . The magnitude of reacceleration is usually characterized by the Alfven velocity (v A ) of the MHD wave. Finally, CR particles are confined in a cylindrical volume with a half-height z h . Usually numerical methods are employed to solve the propagation of CRs in the Milky Way, with complete physical processes and some observational ingradients such as the interstellar gas distribution [25, 26, 31, 32] .
Low energy particles would be modulated by the solar magnetic field associated with solar activities. We employ the force-field approximation to describe the solar modulation effect on the particle spectrum [33] . The modulation potential, Φ, depends on solar activities and changes with time. Since most of the TOA data used in this work were taken during the same period, a single modulation potential would be enough.
We discuss two kinds of models in this work: 1) the diffusion convection model with a break of the rigidity-dependence of the diffusion coefficient [25] 
which is denoted as DC2 1 , and 2) the diffusion reacceleration model with an η-term of the velocity-dependence [34] 
which is denoted as DR2. These two models represent in general two classes of propagation models usually discussed in literature. The modifications of the diffusion coefficient, basically giving faster diffusion of low energy particles than the usual form, could be motivated due to the resonant scatterings of CRs off the plasma waves which result in dissipations of such waves [35] . The other models such as the plain diffusion model, the diffusion convection model without break of the diffusion coefficient, and the traditional version of the diffusion reacceleration model with η = 1, are special examples of the above two. In Ref. [10] an additional diffusion reacceleration convection model was also discussed. However, it was found that such a model did not improve the fitting compared with the DR2 model, but was difficult to get converged.
III. ACE-CRIS DATA
The ACE-CRIS data are extracted from the ACE Science Center 2 , adopting the same observational period as that of AMS-02 (from May 19, 2011 to May 26, 2016) . The systematical uncertainties of the flux measurements come from the geometry factor (2%), the scintillating optical fiber trajectory efficiency (2%), and the correction for spallation in the instrument (∼ 1% − 5%) [36] . The total uncertainties are obtained through quadratically adding the statistical ones and the systematical ones together [36] . Since the energy ranges of Boron and Carbon nuclei are different, their fluxes are interpolated to common energy grids as in Ref. [36] . The ACE-CRIS data about the B/C ratio, the Carbon and Oxygen fluxes are give in Tables I and II. 
IV. RESULTS
We use the B/C ratio data measured by AMS-02 [9] , and ACE-CRIS, and the Carbon flux by Voyager [22] , AMS-02 [13] , and ACE-CRIS in the fitting. The measurements of 10 Be/ 9 Be ratio [37] [38] [39] [40] [41] , although have relatively large uncertainties, are also included in order to have a loose constraint on the lifetime of CRs in the Milky Way. The 10 Be/ 9 Be ratios were mostly measured by experiments decades ago. The corresponding modulation potential is adopted to be Φ − 0.2 GV according to the study of time variation of the modulation potential [10] .
A. Propagation parameters
The posterior mean values and the associated 68% credible uncertainties of the model parameters obtained from the fits to the B/C ratio and Carbon flux data are tabulated in Table III . The corresponding probability distributions of the propagation parameters are shown in Figs. 1 and 2 , for the DC2 and DR2 models, respectively. Comparing the minimum χ 2 values of these two models, the DR2 model is significantly better than the DC2 model. The χ 2 value for the DR2 model is smaller by 83.0 than that of DC2, with even less free parameters. Given the absolute value of χ 2 and the number of degree-of-freedom (dof), the DC2 model is marginally acceptable (the p-value of the fit is about 0.056).
The convection velocity gradient, dV c /dz, in the DC2 model is found to be very small. In such a case the DC2 model actually returns to the plain diffusion model. The parameter v A in the DR2 model is fitted to be about 29.4 km s −1 , which is smaller than that inferred in the traditional diffusion reacceleration model configuration (i.e., η = 1; hereafter DR) [4, 5, 10, 11] . This is due to the β η term in the diffusion coefficient compensates to some degree the reacceleration effect required to reproduce the bump of the B/C ratio (see below). The fit with DR2 model in Ref. [10] gives v A ≈ 18.4, which is smaller than that obtained here. This is perhaps due to the inclusion of the Voyager data in the fit.
In both models, the height of the propagation halos is constrained to about 5 ∼ 6 kpc, which is similar to the canonical value of 4 kpc usually adopted. For comparison, the fit with [10] , and 7.4±0.6 [11] . The value of δ is found to be about 0.5 (0.4) for the DC2 (DR2) model at high rigidities. Previous studies gave values from 0.3 to 0.5 for the DR model [4, 5, 10, 11] , and about 0.6 for the convection model [10] , respectively. Fig. 3 shows the best-fit results of the B/C ratios of the two models, compared with the data. We find that the DR2 model naturally gives a smooth bump of the B/C ratio, due to the reacceleration effect of low energy particles. The convection model is in general difficult to give such a bump [10] . In this work a bump is produced in the DC2 model due to the assumed spectral break of the diffusion coefficient. The low en- ergy spectral index of the diffusion coefficient, δ 0 , is fitted to be about −2.84. This result indicates that low energy particles diffuse even faster than intermediate energy ones, resulting in a suppression of the low energy B/C and hence giving a bump. Nevertheless, the β η term in the DR2 model also suggests such a behavior of the diffusion coefficient at low energies. As a comparison, we show in Fig. 4 the diffusion coefficients in both models. We can see that for rigidities higher than a few GV, the diffusion coefficients of these two models are similar with each other. At low energies they differ from each other significantly. Since these two models give similar B/C ratio, the difference of the diffusion coefficients should be compensated by the effect of the reacceleration assumed in the DR2 model. 
B. Injection parameters
Using the best-fit propagation parameters obtained in the previous subsection, we re-fit the fluxes of protons, Helium, Carbon, and Oxygen to derive the injection spectral parameters of these species. Slightly different from Eq. (1), we introduce an additional spectral break at R br,2 , which is around a few hundred GV, to describe the spectral hardenings. Besides the Voyager and AMS-02 data, for protons and Helium nuclei, the CREAM I+III data at higher energies are also used [42] . For Carbon and Oxygen nuclei, the ACE data given in Table  II are used. Since the observed Helium, Carbon, and Oxygen spectra by AMS-02 show similarities among each other [13] , we first do the fit with all these data together. The injection parameters of them are assumed to be the same, with only differences of the normalizations. However, we find that in both DC2 and DR2 models, the goodness-of-fit is very poor. The propagated spectra of these nuclei differ mainly at low energies, perhaps due to different cooling rates of them in the interstellar medium. This result suggests that the injection spectra of Helium, Carbon, and Oxygen might be different.
To further study the injection spectra of individual composition, we fit the fluxes of protons, Helium, Carbon, and Oxygen nuclei separately. The best-fitting injection spectra (with arbitrary normalizations) are shown in Fig. 5 . Table IV lists the best-fitting χ 2 values over the numbers of dof of all the fits. We find that the injection spectra for Carbon and Oxygen are similar with each other. But they are somehow different from that of protons and Helium. Note that the fits of the proton and Helium spectra in the DC2 model are poor with quite large χ 2 values, in particular for protons. These results further disfavor the DC2 model compared with the DR2 one.
The results in Fig. 5 show that although the high-energy injection spectra of different compositions are close to each other, they may differ significantly at low energies. In particular, we can find a rough trend that lighter nuclei have softer low-energy spectra, which may be related with the particle acceleration process of these nuclei [43] . A more complicated form of the injection spectrum may be necessary for the DC2 model (see e.g., [22] ).
V. CONCLUSION AND DISCUSSION
In this work we employ the precise measurements of the CR nuclei data by Voyager, ACE, AMS-02, and CREAM to study the propagation and injection parameters of CRs. We first derive the Boron-to-Carbon ratios, and the Carbon and Oxygen fluxes recorded by the ACE-CRIS, during the same period of the AMS-02 results. The TOA data taken within the same time interval are expected to have the same solar modulation effect, and can thus reduce the uncertainties due to solar modulation. The B/C and Carbon fluxes measured by AMS-02 and ACE at TOA and by Voyager at outside of the solar system are then used to constrain the CR propagation parameters, for two typical propagation settings (DC2 and DR2). Based on the obtained propagation parameters, we further investigate the source injection spectra of different nuclei.
We find that the propagation model with reacceleration (DR2) can fit the data significantly better than the other one (DC2). Even we have assumed a convective propagation effect in the DC2 model, the fitting results disfavor a significant role of the convection. Nevertheless, the diffusion coefficient of the DR2 model needs a phenomenological modification at low energies to make those particles diffuse faster. This effect is even more obvious for the DC2 model, in which a break of the diffusion coefficient is assumed. This behavior of the diffusion coefficient could be due to the resonant interactions between such low energy CRs and the MHD waves which lead to dissipations of the MHD waves [35] . The slopes of the diffusion coefficients at high rigidities are about 0.4 ∼ 0.5, which lie in between the predictions from the Kolmogrov (δ = 1/3; [44] ) and the Kraichnan (δ = 1/2; [45] ) types of the interstellar turbulence. The height of the propagation halo is constrained to be about 5 ∼ 6 kpc in both models.
The injection spectra of different nuclei are found to be different. Even for Helium, Carbon, and Oxygen nuclei which have the same mass-to-charge ratios, their injection spectra are different, mainly at low energies. The injection spectra of lighter nuclei are softer than that of heavier nuclei. These findings are useful for understanding the CR acceleration process, and may need further careful studies. For the DC2 model, the fits to the proton and Helium spectra are poor, which further favors the DR2 model of the CR propagation. The inclusion of the Voyager data in the fits can effectively break the degeneracy between the solar modulation model and the injection/propagation parameters. We find that for all the nuclei, the force-field modulation potential is constrained to be about 0.7 ∼ 0.8 GV for the AMS-02 data taking time (May 19, 2011 to May 26, 2016) . In this case we expect that the derived injection parameters are more directly relevant to the acceleration process of CR sources.
